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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention pertains to the field of 
soft tissue excisional biopsy devices. In particular, the 
present invention relates to the field of devices for ex- 
cising suspicious lesions from soft tissue, such as breast 
tissue. 

Description of the Related Art 

[0002] Breast cancer is a major threat and concern to 
women. Early detection and treatment of suspicious or 
cancerous lesions in the breast has been shown to im- 
prove long term survival of the patient. The trend is, 
therefore, to encourage women not only to perform 
monthly self-breast examination and obtain a yearly 
breast examination by a qualified physician, but also to 
undergo annual screening mammography commencing 
at age 40. Mammography is the only screening modality 
available today that can detect small, nonpalpable le- 
sions. These nonpalpable lesions may appear as 
opaque densities relative to normal breast parenchyma 
and fat or as clusters of microcalcifications. 
[0003] The conventional method for diagnosing, lo- 
calizing and excising nonpalpable lesions detected by 
mammography generally involves a time-consuming, 
multistep process. First, the patient goes to the radiolo- 
gy department where the radiologist finds and localizes 
the lesion either using mammography or ultrasound 
guidance. Once localized, a radio-opaque wire is insert- 
ed into the breast. The distal end of the wire may include 
a small hook or loop. Ideally, this is placed adjacent to 
the suspicious area to be biopsied. The patient is then 
transported to the operating room. Under general or lo- 
cal anesthesia, the surgeon performs a procedure 
called a needle-localized breast biopsy. In the needle- 
localized breast biopsy, the surgeon, guided by the wire 
previously placed in the patient's breast, excises a mass 
of tissue around the distal end of the wire. The specimen 
is sent to the radiology department where a specimen 
radiograph is taken to confirm that the suspicious lesion 
is contained within the excised specimen. Meanwhile, 
the surgeon, patient, anesthesiologist and operating 
room staff, wait in the operating room for confirmation 
of that fact from the radiologist before the operation is 
completed. The suspicious lesion should ideally be ex- 
cised in toto with a small margin or rim of normal breast 
tissue on all sides. Obtaining good margins of normal 
tissue is extremely dependent upon the skill and expe- 
rience of the surgeon, and often an excessively large 
amount of normal breast tissue is removed to ensure 
that the lesion is located within the specimen. This in- 
creases the risk of post-operative complications, includ- 
ing bleeding and permanent breast deformity. As 80% 



of breast biopsies today are benign, many women un- 
necessarily suffer from permanent scarring and deform- 
ity from such benign breast biopsies. 
[0004] More recently, less invasive techniques have 

5 been developed to sample or biopsy the suspicious le- 
sions to obtain a histological diagnosis. The simplest of 
the newer techniques is to attempt visualization of the 
lesion by external ultrasound. If seen by external ultra- 
sound, the lesion can be biopsied while being continu- 

10 ously visualized. This technique allows the physician to 
see the biopsy needle as it actually enters the lesion, 
thus ensuring that the correct area is sampled. Current 
sampling systems for use with external ultrasound guid- 
ance include a fine needle aspirate, core needle biopsy 

15 or vacuum-assisted biopsy devices. 

[0005] Another conventional technique localizes the 
suspicious lesion using stereotactic digital mammogra- 
phy. The patient is placed prone on a special table that 
includes a hole to allow the designated breast to dangle 

20 therethrough. The breast is compressed between two 
mammography plates, which stabilizes the breast to be 
biopsied and allows the digital mammograms to be tak- 
en. At least two images are taken 30 degrees apart to 
obtain stereotactic views. The x, y and z coordinates tar- 

25 geting the lesion are calculated by a computer. The phy- 
sician then aligns a special mechanical stage mounted 
under the table that places the biopsy device into the 
breast to obtain the sample or samples. There are be- 
lieved to be three methods available to biopsy lesions 

30 using a stereotactic table: (1 ) fine needle aspiration, (2) 
core needle biopsy and (3) vacuum-assisted core nee- 
dle biopsy. 

[0006] Fine needle aspiration uses a small gauge 
needle, usually 20 to 25 gauge, to aspirate a small sam- 

35 pie of cells from the lesion or suspicious area. The sam- 
ple is smeared onto slides that are stained and exam- 
ined by a cytopathologist. In this technique, individual 
cells in the smears are examined, and tissue architec- 
ture or histology is generally not preserved. Fine needle 

40 aspiration is also very dependent upon the skill and ex- 
perience of the operator and can result in a high non- 
diagnostic rate (up to about 83%), due to inadequate 
sample collection or preparation. 
[0007] Core needle biopsy uses a larger size needle, 

45 usually 14 gauge to sample the lesion. Tissue architec- 
ture and histology are preserved with this method. A 
side-cutting device, consisting of an inner trough with 
an outer cutting cannula is attached to a spring-loaded 
device for a rapid semi-automated firing action. After the 

50 lesion is localized, local anaesthetic is instilled and a 
small incision is made in the skin with a scalpel. The 
device enters the breast and the needle tip is guided into 
the breast up to the targeted lesion. The device is fired. 
First, the inner cannula containing the trough rapidly 

55 penetrates the lesion. Immediately following this, the 
outer cutting cannula rapidly advances over the inner 
cannula cutting a sample of tissue off in the trough. The 
whole device is then removed and the sample retrieved. 
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Multiple penetrations of the core needle through the 
breast and into the lesion are required to obtain an ad- 
equate sampling of the lesion. Over 10 samples have 
been recommended by some. 

[0008] The vacuum-assisted breast biopsy system is 5 
a larger semi-automated side-cutting device. It is usually 
11 gauge in diameter and is more sophisticated than the 
core needle biopsy device. Multiple large samples can 
be obtained from the lesion without having to reinsert 
the needle each time. A vacuum is added to suck the 10 
tissue into the trough. The rapid firing action of the 
spring-loaded core needle device is replaced with an os- 
cillating outer cannula that cuts the breast tissue off in 
the trough. The physician controls the speed at which 
the outer cannula advances over the trough and can ro- * 5 
tate the alignment of the trough in a clockwise fashion 
to obtain multiple samples. 

[0009] If a fine needle aspirate, needle core biopsy or 
vacuum-assisted biopsy shows malignancy or a specific 
benign diagnosis of atypical hyperplasia, then the pa- 20 
tient needs to undergo another procedure, the tradition- 
al needle-localized breast biopsy, to fully excise the area 
with an adequate margin of normal breast tissue. Some- 
times the vacuum-assisted device removes the whole 
targeted lesion. If this occurs, a small titanium clip 25 
should be placed in the biopsy field. This clip marks the 
area if a needle-localized breast biopsy is subsequently 
required for the previously mentioned reasons. 
[001 0] Another method of biopsying the suspicious le- 
sion utilizes a large end-cutting core device measuring 30 
0.5 cm to 2.0 cm in diameter. This also uses the stere- 
otactic table for stabilization and localization. After the 
lesion coordinates are calculated and local anesthesia 
instilled, an incision large enough is permit entry of the 
bore is made at the entry site with a scalpel. The breast 35 
tissue is cored down to and past the lesion. Once the 
specimen is retrieved, the patient is turned onto her back 
and the surgeon cauterizes bleeding vessels under di- 
rect vision. The incision, measuring 0.5 to larger than 
2.0 cm is sutured closed. 40 
[0011] The stereotactic table requires awkward posi- 
tioning of the patient and may be extremely uncomfort- 
able. The woman must lie prone during the entire pro- 
cedure, which may be impossible for some patients. In 
addition, the lesion to be biopsied must be in the center 45 
working area of the mammography plates. This may be 
extremely difficult and uncomfortable for the patient if 
the lesion is very posterior near the chest wall or high 
towards the axilla. 

[0012] The woman is subjected to increased radiation 50 
exposure as multiple radiographs are required through- 
out the course of the procedure to: (1) confirm that the 
lesion is within the working area of the mammography 
plates, (2) obtain the stereotactic coordinates (at least 
two views), (3) verify the positioning of the biopsy needle 55 
prior to obtaining tissue, and (4) verify that the lesion 
was indeed sampled. If any difficulty is encountered dur- 
ing the procedure, additional radiographic exposures 



are required to verify correction of the problem. 
[0013] Using the core needle biopsy or vacuum-as- 
sisted device, bleeding is controlled only by manual 
pressure. Bleeding is generally not an issue with fine 
needle aspiration, but is a legitimate complication of the 
former two methods. Ecchymoses, breast edema and 
hematomas can occur. This causes increased post-pro- 
cedural pain and delays healing. Rarely, the patient may 
require an emergency operation to control and evacuate 
a tense hematoma. 

Another major concern is the possibility of tumor dis- 
semination. The core needle biopsy and vacuum-assist- 
ed devices both cut into the tumor and carve out multiple 
samples for examination. While cutting into the tumor, 
cancerous cells may be dislodged. Cutting across blood 
vessels at the same time may allow the freed cancerous 
cells access to the blood stream, thus possibly seeding 
the tumor beyond its original locus. The long-term con- 
sequences of tumor seeding with the risk of bloodborne 
metastases are unknown at this time, as the techniques 
are relatively new. However, documented instances of 
cancerous cells seeding locally into needle tracks exist. 
There are numerous reports of metastases growing in 
needle tracks from previous biopsies of a cancerous 
mass. Most of these are from lung or liver cancers. How- 
ever, at least one case of mucinous carcinoma of the 
breast growing in a needle track has been reported. The 
long-term consequences of neoplasm seeding into nee- 
dle tracks are currently unknown, again because the 
techniques are relatively new. Some recommend exci- 
sion of the entire needle track, including the skin entry 
site, during the definitive surgical procedure for a diag- 
nosed cancer, whether it be a lumpectomy or a mastec- 
tomy. Others assume that with a lumpectomy, the post- 
operative radiation therapy will destroy any displaced 
cancer cells in the needle track. With the trend towards 
treating very small cancers only by excision and without 
a post-excision course of radiation therapy, the risk of 
cancer cells metastasizing and growing in needle tracks 
is very real. 

[0014] The large core cutting device (0.5 cm to 2.0 
cm) generally eliminates the risk of needle track seeding 
as it is designed to excise the lesion intact. A stereotactic 
table is required with the same inherent awkwardness 
for the patient, as discussed above. Bleeding is control- 
led, albeit manually, requiring that the patient wait until 
the end of the procedure to be turned over. Compression 
is used to stabilize the breast and localize the lesions. 
The breast, however, may be torqued and distorted be- 
tween the compression plates such that when the plates 
are removed after the biopsy, the large core track left 
behind may not be straight, but actually tortuous. This 
can result in permanent breast deformity. The location 
of the insertion site into the breast is dictated by the po- 
sitioning of the breast in the machine and not by the phy- 
sician. The entry site is usually away from the nipple- 
areolar complex and is usually located on the more ex- 
posed areas of the breast. For the fine needle aspirate, 
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core biopsy and vacuum-assisted devices, the incision 
is usually very small and the scar almost unappreciable. 
However, in the case of the large core biopsy device (0.5 
to 2.0 cm), a large incision is needed. Such a large in- 
cision often results in a non-aesthetically placed scar. 
[0015] The newer conventional minimally invasive 
breast biopsy devices have improved in some ways the 
ability to diagnose mammographicaily detected nonpal- 
pable lesions. These devices give the patient a choice 
as to how she wants the diagnosis to be made. Moreo- 
ver, these devices are substantially less expensive than 
the older traditional needle-localized breast biopsy. 
They are not, however, the final solution. Due to the 
above-discussed problems and risks associated with 
compression, needle-track seeding, blood borne metas- 
tases, bleeding, radiation exposure and awkwardness 
of the stereotactic table, more refined devices and meth- 
ods are needed to resolve these issues. Also, the con- 
ventional biopsy devices do not consider margins in 
their excisions and if cancer is diagnosed, the patient 
must undergo a needle-localized breast lumpectomy to 
ensure that adequate margins are removed around the 
cancer. Devices and. methods, therefore, must address 
the problem of obtaining adequate margins so that a 
second procedure is not required. Margins, moreover, 
cannot be assessed while the breast is being com- 
pressed. 

[0016] A known device for the excision of soft tissue 
is described in DE-A-1 97 06 751 , in accordance with the 
pre-characterising features of the present invention, in 
that it includes a tubular member having a window near 
the distal tip thereof, and a cutting tool, a distal end of 
the cutting tool being attached near the distal tip of the 
tubular member. At least a portion of the cutting tool is 
configured to selectively bow out of the window and to 
retract within the window, such that, as described there- 
in, tissue can be sucked through said window into the 
tubular member and therefrom can be collected within 
a container. 

SUMMARY OF THE INVENTION 

[0017] It is, therefore, an object of the present inven- 
tion to provide a device capable of being used to effi- 
ciently and safely excise suspicious lesions from a 
breast. It is also an object of the present invention to 
provide a device that is capable of being used to remove 
an entire lesion intact with a minimal amount of normal 
tissue surrounding the lesion needed to provide ade- 
quate margins. It is a further object of the present inven- 
tion to provide a device that is capable of being used to 
provide hemostasis in a breast to minimize complica- 
tions of ecchymosis, hematoma formation and breast 
edema. It is another object of the present invention to 
provide a device in a preferred embodiment which can 
be used to provide intra-tissue ultrasonic guidance to 
provide real time, in situ monitoring of the procedure. A 
still further object is to provide a device that is capable 



of allowing a physician to perform an incision procedure, 
which leaves an aesthetically acceptable scar on a 
breast. 

[0018] In accordance with the present invention, there 
5 is provided a biopsy device comprising a tubular mem- 
ber defining a distal tip and having a window near the 
distal tip; a cutting tool, a distal end of the cutting tool 
being attached near the distal tip of the tubular member, 
and at least a portion of the cutting tool being configured 
10 to selectively bow out of the window and to retract within 
the window for cutting tissue; characterised in that the 
device further comprises a tissue collection device ex- 
ternally attached to the tubular member and to the distal 
portion of the cutting tool and configured for collecting 
15 tissue cut by the cutting tool as the biopsy device is ro- 
tated and the cutting tool is bowed. 
[001 9] Preferred features of the invention will be read- 
ily apparent from the following description and the de- 
pendent claims. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] For a further understanding of the objects and 
advantages of the present invention, reference should 
25 be made to the following detailed description, taken in 
conjunction with the accompanying figures, in which: 

Fig. 1 A shows an embodiment of the excisional de- 
vice according to the present invention with the cut- 
30 ting tool in its flat, retracted configuration. 

Fig. 1B shows the excisional device of Fig. 1A with 
its cutting tool in an extended, bowed configuration. 

35 Fig. 1 C shows another view of the excisional device 
of Fig. 1A. 

Fig. 2A depicts the distal region of another embod- 
iment of the excisional device according to the 
40 present invention, showing the excisional device to- 
gether with the external tissue collection attached 
thereto in the open configuration. 

Fig. 2B shows the excisional device of Fig. 2A to- 
45 gether with the external tissue collection attached 
thereto in the closed configuration. 

Fig. 2C shows an embodiment of the proximal re- 
gion of the excisional device according to the 
so present invention. 

Fig. 3A depicts the operation of an embodiment of 
the excisional device according to the present in- 
vention. 

55 

Fig. 3B further shows the operation of an embodi- 
ment of the excisional device according to the 
present invention. 
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Fig. 3C further depicts the operation of an embodi- 
ment of the excisional device according to the 
present invention. 

Fig. 4 shows a detailed view of a cutting tool suitable 
for use with the excisional device according to the 
present invention. 

Fig. 5 shows a cross section of the cutting tool, tak- 
en along line AA' in Fig. 4. 

Fig. 6 shows a detailed view of another cutting tool 
suitable for use with the excisional device according 
to the present invention. 

Fig. 7 shows a cross section of the cutting tool, tak- 
en along line BB' in Fig. 6. 

Fig. 8 shows another embodiment of a cutting tool 
suitable for use with the excisional biopsy device 
according to the present invention. 

Fig. 9 is a cross-sectional schematic of the tubular 
member 110, to illustrate the relative placements of 
the cutter window 120 and of the transducer 270 
about the circumference of the tubular member 1 1 0. 
Unnecessary details have been omitted for clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Fig. 1A, 1B and 1C show an embodiment of 
the distal region 1 05 of the excisional biopsy device 1 00 
in accordance with the present invention. Considering 
Figs 1A, 1B and 1C collectively, the distal region 105 of 
the excisional biopsy device 100 includes a generally 
tubular member 110 having a generally tapered distal 
tip 115. The distal tip 115 is configured to penetrate soft 
tissue, such as breast tissue, lung tissue, liver tissue and 
the like. Preferably, therefore, the distal tip 115 and the 
distal region 105 of the excisional biopsy device 100 
present a smooth, and relatively atraumatic profile to the 
soft tissue in which it is designed to penetrate. Alterna- 
tively, the tip 115 may be sharply pointed and/or may 
include an energy source (not shown) to facilitate cutting 
through the tissue. The tubular member 110 may be 
formed of rigid and hard plastic, or may be made of stain- 
less steel, for example. Preferably, the tubular member 
100 is used once and disposed of, for both safety and 
functional reasons. 

[0022] A cutter window 120 is disposed within the tu- 
bular member 110. The cutter window 120 may be, for 
example, a shallow trench formed in the tubular member 
1 1 0. As best seen in Fig. 1 C, the cutter window 1 20 may 
be a shallow and substantially rectangular trench in the 
tubular member 110, or may be, for example, a thin, 
shallow l-shaped trench. The excisional biopsy device 
125 includes a work element, in the form of a cutting tool 
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125. The distal end of the cutting tool 125 is attached to 
the tubular member 110 near its distal tip 115. For ex- 
ample, the distal end of the cutting tool 125 may be at- 
tached to the distal-most point 1 21 of the cutter window 

5 1 20. The cutting tool 1 25, however, may alternatively be 
attached to other points within the distal region 1 05. The 
distal portion of the cutting tool 125 is exposed through 
the cutter window 120. The remaining portion of the cut- 
ting tool 125 is disposed within an internal guide or lu- 

10 men 130 of the generally tubular member 110. The in- 
ternal guide 1 30 constrains the movement of the cutting 
tool 125 and allows the cutting tool 125 to freely slide 
therein, parallel to the longitudinal axis of the tubular 
member 110. 

15 [0023] With particular reference now to Fig. 2C, the 
proximal portion 225 of the cutting tool 125 emerges 
from the internal lumen 130 near the proximal end 215 
of the tubular member 1 1 0. The proximal end of the cut- 
ting tool 125 may, for example, include a push or turn 

20 knob 226. The push or turn knob 226 allows the operator 
of the excisional biopsy device 100 to selectively push 
the cutting tool 1 25 in the distal direction (away from the 
physician and toward the distal tip 115) or retract the 
cutting tool 1 25 in the proximal direction (toward the phy- 

25 sician and away from the distal tip 1 1 5). To assist in con- 
trolling the movement of the cutting tool 125, the cutting 
tool is preferably biased in the proximal direction, as 
symbolized by the arrow 227 in Fig. 2C. This biasing 
may be effectuated by means of a spring 228 attached 

30 at or near the proximal end 21 5 of the tubular member 
110 and to the proximal portion 225 of the cutting tool 
125. In this manner, the default configuration of the cut- 
ting tool 125 is the retracted position, wherein the cutting 
tool 125 lies substantially flat within the cutter window 

35 1 20 of the tubular member 110. 

[0024] The cutting tool 1 25, when pushed in the distal 
direction by the physician applying pressure in the distal 
direction on the push or turn knob 226 or equivalent 
structure, slides within the internal guide 130 of the tu- 

40 bular member 11 0. As the distal end of the cutting tool 
125 is attached near the distal end of the tubular mem- 
ber 11 0 or to the distal-most point 1 21 of the cutter win- 
dow 1 20, the portion thereof exposed through the cutter 
window 120 tends to bow outwardly, extending out of 

45 the cutter window 1 20, as shown in Fig. 1 B. The exten- 
sion out of the cutter window 1 20 and the degree of bow- 
ing may be controlled by the physician, by appropriate 
action on the push or turn knob 226. Thus, the possible 
range of extension and bowing is potentially infinite, be- 
so ing limited only by the physician's ability to control the 
cutting tool 1 25 by finely pushing and retracting the push 
or turn knob 226. The degree of extension, as well as 
the shape of the bowed portion of the cutting tool, there- 
fore, may be controlled by selectively sliding the cutting 

55 tool within the internal guide 1 30 of the tubular member 
110. 

[0025] The shape of the bowed portion and the ease 
with which the distal portion of the cutting tool 1 25 bows 
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outwardly may be varied by varying the physical char- 
acteristics of the cutting tool 125. Preferably, the cutting 
tool is formed of a resilient, readily deformable material 
that, when unstressed, returns to its original unbiased 
configuration. For example, a nickel titanium alloy may 
be used for the cutting tool 125, to allow the cutting tool 
125 to exhibit shape-memory characteristics. The 
shape of the cutting tool 1 25 in its bowed and extended 
configuration (Fig. 2) may be further controlled by vary- 
ing, for example, the thickness of the cutting tool over 
the portion thereof exposed through the cutter window 
120. A locally thicker portion of the cutting tool 125 will 
not bend as readily as a locally relatively thinner portion 
thereof. Judiciously varying the thickness, for example, 
of the cutting tool 125, therefore, allows the curvature 
of the bowed portion thereof to be controlled. 
[0026] As shown in Figs. 1A, 1B, and with reference 
to Fig. 1 C, pushing on the push or turn knob 226 (or any 
such functionally equivalent structure) causes the cut- 
ting tool 125 to bow outwardly and extend out from the 
cutter window 1 20 of the tubular member 1 1 0, as shown 
in Fig. 1 B. Similarly, retracting the push or turn knob 226 
(or any such functionally equivalent structure) causes 
the cutting tool 1 25 to flatten out within the cutter window 
120 and to assume a configuration (shown in Fig. 1A) 
that may be substantially flush with the outer surface of 
the tubular member 110. In this configuration, the tubu- 
lar member 110 may easily penetrate soft tissue, such 
as breast, lung, liver or other soft body tissue. 
In operation, the surgeon makes an incision into the pa- 
tient's skin, such as the surface of the breast. The exci- 
sional biopsy device 100 then may be directly intro- 
duced into the breast tissue, or an expandable sheath 
(shown at reference numeral 495 in Fig. 13) may be in- 
troduced into the incision and thereafter expanded as 
the excisional biopsy device 100 is introduced therein. 
In any event, the excisional biopsy device is introduced 
into the breast tissue itself and positioned, for example, 
adjacent to the lesion in the breast or adjacent the target 
site from which the excision is to take place. During the 
introduction of the excisional biopsy device 100 into the 
soft tissue, the cutting tool 125 is in its retracted config- 
uration wherein the portion thereof exposed through the 
cutter window 120 is substantially flat. The excisional 
device 100, in this configuration, therefore, exhibits a 
smooth and tapered profile to the surrounding tissue. 
Once the device 1 00 has been determined to have been 
properly positioned within the soft tissue, the device is 
rotated about its longitudinal axis. The rotation may be 
carried out manually, or the rotation of the device may 
be carried out by a motorized unit disposed within the 
proximal region of the device 100. As the device 100 
rotates, the surgeon causes the cutting tool 1 25 to bow 
outwardly and to extend from the cutter window 120. 
Preferably, the degree of bowing and outward extension 
is at least sufficient to include the lesion (such as the 
targeted microcalcification within the breast) within the 
space between the cutter window 120 and the cutting 



tool 125. The cutting tool 125 cuts the tissue as the de- 
vice 100 is rotated, thereby severing the lesion from its 
surrounding breast tissue mass. By completing at least 
one revolution within the breast tissue, the cutting tool 

5 1 25 sweeps a volume of revolution of breast tissue and 
severs that volume from the main tissue mass. Such vol- 
ume of revolution includes at least the targeted lesion. 
Preferably, the volume of revolution severed from the 
main tissue mass not only includes the targeted lesion, 

10 but also includes a margin of healthy tissue surrounding 
the lesion. The degree of extension and bowing of the 
cutting tool 125 may be varied within a given revolution 
of the excisional biopsy device 100. In this manner, it is 
possible to exert fine control over the amount of tissue 

15 cut away from the main tissue mass, as well as fine con- 
trol over the shape of the severed mass. 
[0027] After the lesion and preferably a margin of 
healthy tissue around the lesion have been severed, the 
severed tissue may be removed from the main tissue 

20 mass. This removal of the severed tissue may be effec- 
tuated by any number of means, including the retraction 
of the excisional biopsy device 1 00 from the main tissue 
mass. Alternately, severed tissue extraction may be car- 
ried out by means of the structure and method to be de- 

25 scribed below. 

[0028] The cutting tool 1 25 may, as shown in Fig. 1 C, 
be configured as a thin ribbon. The thin ribbon 125 
shown in Fig. 1C is preferably sharpened on its leading 
edge to facilitate cutting through tissue and sometimes 

30 fibrous and calcified masses. 

[0029] The leading edge of the cutting tool 1 25 is that 
edge thereof that first comes into contact with the tissue 
to be severed as the device 1 00 is rotated. Such a sharp- 
ened leading edge is shown in Fig. 4 at reference nu- 

35 meral 127. The width of such a ribbon cutting tool 125 
is preferably smaller than the width of the cutter window 
120 into which it recedes when the cutting tool 125 is 
retracted in the proximal direction. 
[0030] Another embodiment of the cutting tool 125 is 

40 shown in Fig. 8. To decrease the forward resistance of 
the cutting tool 125 as it slowly cuts through tissue, the 
leading edge of the portion thereof exposed through the 
cutter window 120 may be serrated, including a plurality 
of teeth 127. In turn, the leading edge of the plurality of 

45 teeth 127 may include a sharpened edge. In this man- 
ner, as the excisional device 100 rotates, only the for- 
ward-most tips of the teeth 127 will initially come into 
contact with the tissue to be cut, thus reducing the tissue 
surface upon which the force of the rotating cutting blade 

50 125 is applied. Thus, the cutting blade 125 of Fig. 8 is 
believed to be highly effective in cutting through even 
relatively dense or fibrous tissue while minimizing the 
torque to be applied to the excisional biopsy device 100 
as it is caused to rotate within the main soft tissue mass. 

55 [0031] Referring to Fig. 4 and also to Fig. 5, the cutting 
tool 1 25 may further comprise an interior lumen 1 28 run- 
ning an entire length or a portion of the length of the 
cutting tool 1 25. The cutting tool 1 25 may further include 



6 



11 



EP 0 983 749 B1 



12 



a plurality of through holes 126 in the dista! portion of 
the cutting tool 125 exposed through the cutter window 
120. The plurality of through holes 126 are in fluid com- 
munication with the internal lumen 128. In use, the in- 
ternal lumen 128 may be connected, in the proximal por- 5 
tion of the excisional biopsy device 100, to a fluid res- 
ervoir. The fluid reservoir, which may be internal or ex- 
ternal to the proximal section of the device 1 00, supplies 
the distal portion of the cutting tool 125 with, for exam- 
ple, anaesthetic (such as, for example, lidocaine) and/ 
or antibiotic fluid. In this manner, such anaesthetic and/ 
or antibiotic fluid (or other fluid) may be delivered pre- 
cisely to the tissue surrounding the cutting tool 125 as 
it rotates. A precisely dosed anaesthetic, for example, 
may be delivered to the very site where it is most need- 
ed. As such anaesthetic is delivered only where it is 
needed, the effect thereof is near instantaneous, and 
the patient feels little or no pain as the excisional biopsy 
device 100 according to the present invention is rotated 
within her breast, or other soft tissue. Fig. 5 shows a 
cross-section of the cutting tool 125 of Fig. 4, taken 
along line AA' in Fig. 4. 

[0032] Care should be exercised in selecting the con- 
figuration and materials for the cutting tool 125 shown 
in Figs. 4 and 5. Indeed, the configuration and materials 
selected should allow the cutting tool 125 to bow and 
extend out of the cutter window 120 of the device 100 
without, however, pinching or substantially disrupting 
the flow of fluid delivered via the internal lumen 128 of 
the cutting tool 125, if the cutting tool 125 is provided 
with such. For example, the cutting tool 125 may be 
made of a shape-memory metal, such as nickel-titanium 
and/or the proximal portion of the cutting tool 1 25 may 
be formed relatively thicker than other portions thereof. 
[0033] Another embodiment of the cutting too! 125 is 
shown in Figs. 15 and 16. As shown therein, the cutting 
tool 1 25 may be formed by a thin sheet of steel or shape 
memory alloy. The sheet may include a plurality of 
through holes 1 26 to allow the anaesthetic or other fluid 
to be instilled therethrough. A small tube 540 may be 
disposed on the sheet, aligned with the through holes 
126. The sheet may be folded in the direction indicated 
by the arrows 530, thus securing the tube 540 between 
the two folded sides of the sheet. The edges 550 of the 
sheet may be sealed together to render them fluid tight. 
For example, the sides 550 of the sheet may be welded 
together or secured by other means known to those of 
skill in the metal working arts. The edges 560 between 
the through holes 126 may be sharpened, to allow the 
cutting tool 125 to efficiently cut through soft tissue. As 
shown in Fig. 16, the tube 540 may deliver anaesthetic 
or other fluid to the cutting tool 125, which delivers 
minute amounts thereof precisely where it is needed: 
where the cutting edges 560 of the cutting tool 125, 
thereby affording the patient immediate relief and mini- 
mizing the amount of anaesthetic that need be deliv- 
ered. The proximal end of the tube 540 may be in fluid 
communication with an anaesthetic reservoir (not 



shown) and/or an anaesthetic pump (also not shown). 
[0034] Alternatively, the cutting tool 125 may include 
a thin wire, such as shown at 125 in Figs. 6 and 7. In 
this case, an external radio frequency (hereafter, RF) 
power source 240 (shown at 240 in Fig. 2C) supplies 
the cutting tool 125 with RF energy via two bipolar elec- 
trodes (not shown) attached to the cutting tool 125 of 
Fig. 6. Other energy sources may also be used within 
the context of the present invention, RF power being dis- 
cussed herein for illustrative purposes only. The RF 
power delivered by the RF power source 240 allows the 
cutting tool 125 of Fig. 6 to become an electrosurgical 
cutting and/or an electrocoagulating tool by selectively 
varying the power applied to the cutting tool 125. Suita- 
ble generators for such an electrosurgical cutting device 
125 are known to those of skill in this art. An example 
of such a suitable generator is described in U.S. patent 
4,903,696. As with the cutting tool 125 shown in Figs. 4 
and 5, the cutting tool 125 of Figs. 6 and 7 includes an 
internal lumen 128 and a plurality of through holes 126 
to allow anaesthetic or other fluid to be delivered to the 
surrounding tissue as the cutting tool 125 cuts through 
the soft tissue as the device 100 is rotated. 
[0035] As alluded to above, the excisional biopsy de- 
vice 100 according to the present invention cuts out a 
(not necessarily symmetrical) volume of revolution as it 
cuts through the soft tissue upon rotation of the gener- 
ally tubular member 1 1 0. This severed mass of tissue is 
stabilized using a tissue collection device, as shown at 
reference numeral 260 in Figs. 2A and 2B. 
[0036] The tissue collection device 260 is attached 
externally to the tubular member 1 1 0, and preferably al- 
so to the trailing edge of the cutting tool 125. The tissue 
collection device 260 is preferably formed of a thin and 
flexible plastic membrane shaped like a bag. The open- 
ing of the bag-shaped collection device 260 is preferably 
co-extensive with the opening 120 and is preferably at- 
tached to the tubular member 110 and to the trailing 
edge of the cutting tool 125. In this manner, the opening 
or "mouth" of the bag-shaped collection device 260 
opens and closes along with the bowing and retraction, 
respectively, of the cutting tool 125. Indeed, the "mouth" 
of the bag-shaped collection device 260 is opened when 
the cutting tool 125 is bowed and extended out of the 
cutter window 120 and substantially closed when the 
same is retracted within the cutter window 120, as the 
two edges (one attached to the tubular member 110 just 
adjacent to the edge of the cutter window 120 and the 
other attached to the trailing edge of the cutting tool 1 25) 
of the collection device are then pressed together. 
[0037] Therefore, when the excisional device 100 is 
inserted into soft tissue and rotated, the cutting tool 125 
may be caused to bow and to extend outwardly from the 
cutter window 120 and caused to cut tissue coming into 
contact therewith. As the device 100 rotates and cuts, 
the tissue between the cutting tool 125 and the tubular 
member 110 tends to advance toward and into the col- 
lection device. As the cutting tool 1 25 is in its bowed and 



15 



20 



25 



30 



35 



40 



45 



50 



13 

extended state, the "mouth" or opening of the bag- 
shaped collection device 260 is also correspondingly 
open, allowing the severed tissue to collect therein. As 
the revolution of the tubular member 100 is completed, 
the cutting tool 1 25 may be retracted and caused to as- 5 
sume a configuration wherein it is disposed within the 
recessed cutter window 120, substantially flush with the 
outer surface of the tubular member 110, as shown in 
Fig. 2B. In this configuration, the collection device 260 
is closed, thereby securing the excised tissue sample 10 
therein. The device 100 may then be safely retracted 
from the main tissue mass, such as the breast. As the 
excised sample is physically isolated from the remaining 
tissue mass, the probability of seeding the surrounding 
tissue with potentially abnormal cells is markedly de- is 
creased. This probability is also further decreased, as 
the excisional device 100 according to the present in- 
vention allows the surgeon to obtain adequate margins 
of healthy tissue surrounding the target lesion by choos- 
ing the degree of bowing and extension of the cutting 20 
tool 125. In this manner, the integrity of the lesion itself 
is not violated, thereby maintaining tissue architecture 
intact. 

[0038] As the collection device 260 is preferably 
formed of a thin and flexible membrane, it is able to lay 25 
substantially flat against the outer surface of the tubular 
member 110 or slightly recessed within the cutter win- 
dow 1 20 during insertion thereof into the soft tissue. The 
collection device 260, therefore, offers little additional 
drag and resistance to the device 1 00 as it is inserted 30 
into the incision made in the patient's skin during or prior 
to the procedure. Suitable materials for the tissue col- 
lection device 260 include plastics and nylon, for exam- 
ple. Any strong adhesive may be utilized to secure the 
tissue collection device 260 to the tubular member 110 35 
and to the cutting tool 125. Other means of securing the 
collection device 260 may also be employed without, 
however, departing from the scope of the present inven- 
tion. Likewise, the tissue collection device 260 may be 
formed of a material other than specifically enumerated *o 
herein while remaining within the scope of the present 
invention. Preferably, the shape and size of the tissue 
collection device 260 are such as to minimize drag on 
the excisional biopsy device 100 as it is inserted and 
rotated into the tissue. For example, the tissue collection 45 
device 260 preferably should be only as large as nec- 
essary to contain the excised tissue sample. 
[0039] The excisional biopsy device 1 00 according to 
the present invention is preferably accurately positioned 
adjacent to the lesion within the breast or other organ, so 
Toward that end, the present invention allows the sur- 
geon to gain near real time or real time information as 
to the internal structure of the soft tissue during the pro- 
cedure itself. Referring now back to Figs. 1 and 2C, the 
present invention may include a transducer 270 mount- 55 
ed within the distal portion of the tubular member 110. 
This transducer 270 is preferably adapted to image tis- 
sue about to be cut by the cutting tool 125 as the exci- 
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sional biopsy device 1 00 is rotated within the soft tissue. 
Indeed, the transducer 270 preferably generates infor- 
mation relative to the tissue about to be cut — that is, 
tissue that that has not yet been brought into contact 
with the cutting tool 125 as the tubular member 110 ro- 
tates about its longitudinal axis. In this manner, as the 
rotational speed of the excisional biopsy device 100 is 
preferably quite slow (the rotation may be manually car- 
ried out or may be caused by a slow moving motorized 
unit attached to the tubular member 110), the surgeon 
may evaluate the information generated by the trans- 
ducer 270 and may, based upon this information, vary 
the degree of bowing and extension of the cutting tool 
125. For example, when the device 100 is positioned 
adjacent to the lesion of interest and rotated, the trans- 
ducer 270 will detect the presence and location of the 
lesion before the lesion comes into contact with the cut- 
ting tool 125. After the lesion has been detected by the 
transducer 270, the surgeon may push on the push or 
turn knob 226 or other structure that causes the cutting 
tool to bow and extend from the cutter window 1 20. The 
lesion (and preferably an adequate margin of healthy 
tissue) will then be severed from the main mass, and 
optionally collected, for example, in the tissue collection 
device 260. When the transducer 270 indicates that the 
rotation of the tubular member has brought the cutting 
tool 125 past the lesion, the cutting tool 125 may be re- 
tracted within the cutter window 1 20. The cutting, it can 
be seen, may be specifically tailored to the size and 
shape of the lesion within the main tissue mass in near 
real time or in real time, thereby allowing the surgeon to 
excise all of the tissue required and only the tissue that 
is necessary to achieve the intended results. 
[0040] Preferably, the transducer 270 is an ultrasound 
sensor mounted substantially flush with the external sur- 
face of the tubular member 110. The ultrasound sensor 
270 is preferably electrically connected, via a commu- 
nication channel such as electrical conductors, to at 
least one data processing and display device, shown at 
reference 250 in Fig. 2C. The data processing and dis- 
play device(s) 250 allows the surgeon to see, in near 
real time or in real time, the internal structure of the tis- 
sue about to be cut by the cutting tool 125. This allows 
the surgeon not only to see a graphical representation 
of the internal structure of the tissue during the proce- 
dure itself, but also allows the surgeon to assure himself 
or herself that the entire lesion or group of lesions has 
been properly excised by, for example, rotating the tu- 
bular device within the tissue while the cutting tool is 
retracted within the cutter window 120 while the trans- 
ducer 270 is energized. Viewed from another aspect, 
therefore, the preferred embodiment of the invention is 
an intra-tissue ultrasound imaging device. 
[0041] In operation, the (e.g., ultrasound) transducer 
sweeps a plane (graphically shown at 280 in Fig. 3A) 
within the tissue ahead of the work element, such as 
cutting tool 125. In selecting the operational character- 
istics of the ultrasound transducer 270, the surgeon 
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must balance the required resolution (i.e., the smallest 
feature that must be discernable) with the degree of pen- 
etration of the ultrasound waves within the tissue and 
the intensity of the ultrasonic waves generated. In gen- 
eral, higher frequencies allow better resolution. Howev- 
er, high frequencies do not penetrate the tissue as far 
as do lower frequency ultrasound waves. Preferably, the 
ultrasound transducer 270 is tuned within the range from 
about 5 MHz to about 20 MHz. More preferably, the ul- 
trasound transducer 270 is tuned within the range of 
about 7.5 MHz to about 20 MHz. For example, in the 
case wherein the excisional biopsy device 100 accord- 
ing to the present invention is used within the female 
breast, the ultrasound transducer may be tuned within 
the range of about 10 MHz to about 1 3 MHz. 
[0042] To effectively image the internal tissue struc- 
ture prior to cutting it with, for example, the cutting tool 
125, the transducer 270 must be positioned within the 
tubular member 1 1 0 away from the cutting tool 1 25. With 
reference to Fig. 9, the transducer 270 may be disposed 
within the tubular member at an angle a relative to the 
cutting tool 125. The angle a is preferably no smaller 
than that necessary to effectively control the operation 
of the work element (such as cutting element 125) in 
response to information gathered from the transducer 
125 as the tubular member 110 rotates. This angle a, 
therefore, is dependent at least upon the rotational 
speed imposed upon the tubular member 1 1 0 and upon 
the time necessary for the surgeon to assimilate the in- 
formation generated by the transducer and to effectively 
control the cutting tool 125 in response to such informa- 
tion. Preferably, the angle a is less than about 180 de- 
grees. 

When used in conjunction with an intra-tissue ultra- 
sound transducer, such as shown at 270, the excisional 
biopsy device 100 according to the present invention 
may include a variety of work elements in addition to the 
cutting tool 125. Such work elements include, for exam- 
ple, an abrasive device, a reciprocating cutting device, 
an electrosurgical device or a vibrating device. 
[0043] In the case of lesions within the breast, it is 
useful to stabilize the breast prior to imaging and per- 
forming invasive procedures. Such stabilization is con- 
ventionally performed by compression plates that 
squeeze the breast and compress the tissue therein. 
Such compression is necessary to allow x-ray radiation, 
as used in mammography, to produce a useful image. 
Although such compression is not needed or believed 
to be desirable, stabilization of the breast remains nec- 
essary. 

[0044] Reference is now made to Figs. 3A, 3B and 
3C, which illustrate a method of use of an embodiment 
of the excisional biopsy according to the present inven- 
tion. 

[0045] Although Figs. 3A-3C illustrate an embodiment 
of the present invention within the context of breast sur- 
gery, it is to be understood that the device and method 
of use is equally applicable to other soft tissue masses, 
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such as, for example, lung, thyroid or liver tissue, with 
only minor modifications which will become apparent to 
skilled practitioners in this art. 

[0046] Turning first to Fig. 3A, a small incision 331 is 
5 made in the breast 310, preferably in the peri-areolar 
region. Preferably, the breast is stabilized, using, a suit- 
able breast stabilizing device. The portion of the device 
100 that remains outside of the soft tissue may include 
attachment means (not shown) for clamping the device 
to a rim structure, for example, to allow stable operation 
and precise guidance thereof. The small incision is pref- 
erably made on the border of the areola 330 surround ing 
the nipple 320, as this provides a better cosmetic scar 
than on the skin on the side of the breast 31 0. Depend- 
ing on the size of the lesion and the size of the excisional 
biopsy device 1 00 to be inserted therein, an expandable 
sheath (an example of which is shown at reference nu- 
meral 495 in Fig. 13) may be inserted into the breast 
tissue. In any event, the excisional biopsy device 100 is 
inserted into the breast tissue and positioned adjacent 
the lesion 300, which may be, for example, a microcal- 
cification or other abnormal lesion. Once in position, the 
device 100 is rotated, for example, in the direction indi- 
cated in Fig. 3A. The portion of the excisional biopsy 
device 100 that remains outside the soft tissue may 
have a greater diameter than the portion thereof that is 
designed to penetrate the soft tissue. This aids in man- 
ual rotation of the device 100. In the configuration de- 
picted in Fig. 3A, the cutting tool 125 is retracted within 
the cutter window 120 and the tissue collection device 
260 is substantially flat against the external surface of 
the tubular member 1 1 0. The device 1 1 0 is rotated about 
its longitudinal axis and the transducer 270 is energized, 
the information therefrom being transmitted to, for ex- 
ample, the display device 250 shown in Fig. 2C. When 
the lesion 300 comes into view, the surgeon then gaug- 
es the size, shape and location thereof and controls the 
bowing and extension of the work element, such as cut- 
ting tool 125 based on the information received from the 
transducer 270 and displayed upon the display 250. Fig. 
3B depicts the situation wherein the lesion 300 has been 
imaged and the surgeon has extended the cutting tool 
125 to sever the lesion 300 from the surrounding breast 
tissue. The severed tissue may be received and collect- 
ed in a tissue collection device 260, as the device 100 
rotates. Anaesthetic and/or antibiotic (or other) fluids 
may be delivered directly to the affected tissue by 
through holes 126 (best seen in Figs. 2A, 2B and Figs. 
4-7), greatly decreasing pain during the procedure 
[0047] After the lesion and any desired margin of 
healthy tissue is severed from the main breast tissue 
mass, the cutting tool 125 is retracted within the cutter 
window 120. This doses the tissue collection device 
260, if present, and allows the entire device 100 to be 
retracted from the breast in the direction of arrow 350, 
as shown in Fig. 3C. If the tissue collection device 260 
is present, the lesion 300 will be isolated from surround- 
ing tissue by the membrane of the tissue collection de- 
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vice 260, thus minimizing any possibility of seeding po- 
tentially abnormal cells to surrounding breast tissue. 
Moreover, the tissue architecture of the retrieved lesion 
300 is substantially preserved, thereby allowing accu- 
rate histopathology to be performed upon the entire 5 
mass excised from the breast. Indeed, any compression 
such tissue may undergo is believed to be solely due to 
the retraction of the device back through the entrance 
track of the device 100 in the uncompressed breast tis- 
sue. Thereafter, when the excisional device 100 is re- 10 
moved from the breast 310, the push or turn knob 226 
may be acted upon to extend and bow the cutting tool 
125, thereby allowing the excised lesion to be retrieved 
from the tissue collection device 260 for examination. If 
the tissue collection device is not present, conventional 15 
suction means may be employed to extract the severed 
lesion from the surrounding breast tissue. Bleeding is 
controlled by suitably varying the RF or other power 
source applied to the electrosurgical cutting tool 125, if 
present, to stem the bleeding by cauterizing the tissue 20 
coagulating the blood. 

[0048] After the procedure, a small cavity remains in 
the breast where the lesion had previously been. How- 
ever, since no compression of the breast was carried 
out, no expansion of the tissue occurs after the proce- 25 
dure, unlike conventional techniques. Therefore, the 
cavity and the entrance and exit path of the device re- 
main as small as possible, leading to fewer complica- 
tions, less tissue trauma and improved aesthetics. 
[0049] According to another embodiment of the 30 
present invention, shown in Figs. 10, 11 and 12, the 
transducer 270 is replaced by a removable transducer 
core 400. The removable transducer core 400 includes 
an active element 440 configured to perform intra-tissue 
imaging and of relaying information back to a display 35 
device (shown in Fig. 14) via a communication channel, 
such as shown at reference numeral 460. The commu- 
nication channel 460 may be wireless or may include, 
for example, optical fibers and/or electrical conductors. 
The active element 440 may draw power from an inter- 40 
nal battery (not shown) or from a power source, such as 
shown at reference numeral 480. The active element 
440 may include an ultrasound transducer. Other types 
of transducers may be used instead of or in addition to 
an ultrasound transducer. The removable transducer *5 
core 400 preferably includes a generally tubular shaft 
430. A proximal section 450 is included near the proxi- 
mal portion of the transducer core 400. 
[0050] To accommodate the removable transducer 
core 400, the excisional device 1 00 of Fig. 1 0 includes 50 
an internal lumen 420 through which the removable 
transducer core 400 may be inserted. Preferably, the ex- 
cisional device 100 is used once and disposed of, for 
safety and functional reasons. The removable transduc- 
er core 400, however, may either be disposable or re- 55 
usable for a limited number of uses. To allow the active 
element 440 of the transducer core 400 to image the 
lesion to be excised and the surrounding tissue, the gen- 
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erally tubular member 110 of the excisional device 100 
includes a transducer window 41 0. When the removable 
transducer core 400 is inserted within the internal lumen 
420, the proximal section 450 of the core 400 preferably 
snaps into a locked configuration with the proximal end 
of the excisional device 100. When in its locked config- 
uration, the active element 440 of the transducer core 
400 is aligned with and faces the transducer window 
41 0, to allow the active element 440 to image the lesion 
and the surrounding tissue therethrough. 
[0051] Fig. 11 shows an embodiment of the remova- 
ble core 400 for use in an embodiment of the device ac- 
cording to the present invention. As the removable core 
400 may advantageously be used independently of the 
excisional device 100, the removable core 400 includes 
a distal tapered tip 470, to allow it to easily penetrate 
soft tissue. Moreover, its thin profile allows the surgeon 
to insert the removable core 400 within soft tissue with- 
out, however, unduly damaging the tissue or making a 
large incision. The removable core 400 allows the sur- 
geon to precisely localize the lesion to be excised from 
within the tissue itself. For example, the active element 
440 of the removable core 400 may include an ultra- 
sound transducer having similar characteristics as the 
sensor 270, and may be used alone or in addition to sur- 
face ultrasound to localize the lesion with a great degree 
of precision. 

[0052] Fig. 12 shows a cross section of the embodi- 
ment of the excisional device 1 00 of Fig. 1 0, taken along 
line AA\ As shown in Fig. 12, the cutting tool 125 is ex- 
posed through the transducer window 120. The window 
120 may, as shown in Fig. 12, include support guides 
122 to support and guide the cutting tool 125 as it is 
outwardly extended and bowed. The tissue collection 
device 260, for clarity, is not shown in either Figs. 10 or 
12. However, to accommodate the bulk of the excised 
tissue sample collected in the tissue collection device 
260 after the cutting and collecting operation described 
herein, the tubular member 1 1 0 may include a recessed 
section 131. The recessed section provides space for 
the collected (e.g., bagged) tissue sample in the tissue 
collection device 260 when the excisional device is re- 
moved from the soft tissue mass. In this manner, the 
collected tissue sample within the tissue collection de- 
vice 260 does not protrude from the generally smooth 
outer surface of the excisional device 100 upon retrac- 
tion of the latter from the soft tissue mass from which 
the tissue sample is excised. The internal lumen 420 al- 
lows the removable core 400 to slide therein and to prop- 
erly position the active element 440 facing the transduc- 
er window 410. 

[0053] Fig. 1 3 shows the removable core 400 inserted 
within an expandable sheath 495. The expandable 
sheath includes a proximal base section 510. Attached 
to the proximal base section 510 is a generally cylindri- 
cal expandable meshwork 500 of, for example, plastic 
or nylon fibers. The meshwork 500 may be somewhat 
tapered at its distal end 520, to provide a smooth tran- 
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sition between the expandable meshwork 500 and the 
removable core device 400. The proximal section 450 
of the core 400 may snap-fit to the proximal base section 
510 of the expandable sheath 495, so as to be securely 
and removably attached thereto. 5 
[0054] As shown in Fig. 13, the expandable mesh- 
work 500 expands just enough to accommodate the re- 
movable core 400 inserted therein. In practice, the ex- 
pandable sheath 495 and removable core 400 assembly 
may be inserted within the soft tissue together, to allow 10 
the surgeon to image the lesion prior to inserting the 
somewhat greater diameter excisional device 100 
therein. Thereafter, the surgeon may retract the remov- 
able core 400 from the expandable sheath 495, leaving 
the expandable sheath 495 in place within the soft tis- *s 
sue, such as the breast. 

[0055] Fig. 14 shows a soft tissue excisional device 
assembly 600 in accordance with another embodiment 
of the present invention. In the configuration shown in 
Fig. 14, the removable core 400 is inserted and secured 20 
within the excisional device 100 so that the active ele- 
ment 440 faces out of the transducer window 41 0. As in 
Fig. 10, the tissue collection device 260 is not shown, 
for clarity. In Fig. 14, the excisional device 100 is shown 
inserted within the expandable sheath 495. Indeed, the 25 
excisional device 1 00, in Fig. 14, is shown inserted with- 
in and past the distal end 520 of the meshwork 500, so 
the distal portion of the excisional device 100 including 
the cutting tool 125 and the transducer window 410 ex- 
tends therethrough. The meshwork 500, in Fig. 14, has 30 
expanded to accommodate the diameter of the excision- 
al device 100. The proximal portion of the excisional de- 
vice 100 may extend from the proximal base section of 
the expandable sheath 495. This allows the push or turn 
knob 226 (a turn knob 226 shown in Fig. 14) to be man- 35 
ually accessible to the surgeon. A number of peripheral 
devices may be connected to the assembly 600. Exam- 
ples of such include a core power source 480, which 
may be, for example, an electrical source for an ultra- 
sound transducer, one or more data processing and dis- <o 
play devices 250 on which the internal structure of the 
tissue imaged by the active element 440 of the core 400 
may be displayed, suction means 490, a cutting tool 
power source (a variable RF energy source, for exam- 
ple), and/or other devices 590. The suction device 490 45 
may provide a suction force to the window 120 through 
an internal lumen to facilitate cutting of the tissue by the 
cutting tool 125. 

[0056] The excisional device assembly 600 may be 
rotated in toto, or the excisional device 100 may be ro- 50 
tated independently of the expandable sheath 495, de- 
pending upon the degree of friction between the two. 
Preferably, the excisional device 100 is removable from 
the expanded sheath 495 shown in Fig. 1 4, while leaving 
the expanded sheath 495 in place within the soft tissue. 55 
In this manner, after retraction of the excisional device 
100 from the sheath 495, the sheath 495 remains in 
place within the soft tissue to allow other instruments to 



20 

be inserted therethrough. For example, the removable 
core 400 may, after the excisional procedure proper, be 
re-inserted through the expanded sheath 495 to the ex- 
cision site. Thereafter, the surgeon may cause the active 
element 440 of the removable core 400 to become en- 
ergized, to image the excision site to insure that the 
complete lesion has been removed from the soft tissue 
mass. To do this, the surgeon may rotate the removable 
core 400 within the expanded sheath 495 while observ- 
ing the display or displays for signs of the lesion. If none 
is found, it is probable that the entire lesion has been 
successfully removed and the surgeon may then retract 
the core 400 from the sheath 495 and the sheath from 
the tissue mass and repair the incision made prior to 
inserting the assembly therein. 
[0057] Alternatively, the surgeon may choose to re- 
move both the expanded sheath 495 and the core 400 
simultaneously. 

[0058] Fig. 1 7 shows method of using an embodiment 
of the excisional biopsy according to the present inven- 
tion. In Fig. 17, it is assumed that the soft tissue from 
which the lesion is to be excised is breast tissue and 
that the active element 440 of the removable core 400 
is an ultrasound transducer. Other combinations are 
possible, and the present invention should not be limited 
to applications related to breast tissue and ultrasound. 
The removable core 400 and the active element 440, in 
Fig. 17, are together abbreviated as "US CORE", a 
shorthand expression for the phrase "ultrasound core" 
and the word "assembly" is abbreviated to "Assy. 
Moreover, it is to be understood that the steps shown in 
Fig. 17 constitute but a broad outline of one possible 
method of use of the device according to the present 
invention. Therefore, other additional steps may be in- 
serted between the steps shown in Fig. 17, or other 
steps may be substituted for some of the displayed 
steps. 

[0059] The method starts at step SO. In step S1 , the 
lesion within the breast is grossly targeted, using, for 
example, standard or stereotactic surface ultrasound. In 
step S1, a rough estimate of the location of the lesion 
within the breast is obtained. The surgeon, after having 
located the general location of the lesion, may mark the 
location thereof on the ultrasound display or displays 
and/or on the corresponding surface of the breast, with 
an "X", for example. The breast is stabilized in step S2. 
Preferably, the breast is stabilized in an uncompressed 
or slightly expanded state. The woman's other breast is 
preferably placed within a counterpart breast stabilizing 
device, which helps to immobilize the woman during the 
procedure. One of the ultrasound ports of the breast sta- 
bilizing device is aligned with the lesion, for example, by 
aligning one of its ultrasound ports with the marked lo- 
cation on the breast. Suction is then applied to the breast 
stabilizing device, and a correctly oriented surface ultra- 
sound device is secured to the ultrasound port of the 
stabilizing device. 

[0060] In step S3, an entry site on the breast is cho- 
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sen. Preferably, the peri-areolar region is chosen as the 
incision site, as scars within the peri-areolar region are 
less visible than scars in more exposed regions of the 
breast and for other anatomical reasons. The incision 
site is then anaesthetized, both on the skin surface and 5 
subcutaneously. Also in step S3, a small incision is 
made at the chosen incision site. Preferably, the incision 
is large enough to accommodate the expandable sheath 
495 with the removable core 400 inserted therein. In 
step S4, the expandable sheath 495, together with the 10 
removable core inserted therethrough, is inserted into 
the incision made in step S3. Under surface ultrasound 
guidance, for example, the sheath 495/core 400 assem- 
bly is navigated adjacent to the lesion. If the sheath 
495/core 400 assembly can be properly positioned ad- 15 
jacent to the target lesion, the method proceeds to step 
S5. If the sheath 495/core 400 assembly cannot be 
properly positioned adjacent to the target lesion, all or 
a portion of the above-detailed steps are repeated until 
proper positioning of the sheath 495/core 400 assembly 20 
is achieved, adjacent to the target lesion. 
[0061] Assuming now that step S4 has been complet- 
ed to the surgeon's satisfaction, the core 400 is removed 
from the expandable sheath 495 and the expandable 
sheath 495 is left in place within the breast, as shown 25 
in step S5. In step S6, the removable core 400 is insert- 
ed within the internal lumen 420 of the tubular member 
of the excisional device 100 and locked securely in 
place, so that the active element 440 (in this case, an 
ultrasound transducer) is aligned with and faces out of 30 
the transducer window 410 of the device 100. Again 
leaving the expandable sheath 495 in place within the 
breast, the excisional device 1 00 (with the core 400 se- 
cured therein) is advanced through the expandable 
sheath 495. The sheath 495 then expands within the 35 
breast tissue to accommodate the somewhat larger di- 
ameter of the excisional device 1 00. The excisional de- 
vice 100 is advanced past the tapered distal end 520 of 
the sheath 495, so the assembly including the sheath 
495, the excisional device 100 and the removable core *o 
400 is positioned adjacent to the target lesion within the 
breast tissue, as shown in step S7. 
[0062] In step S8, the correct position adjacent the tar- 
get lesion and the correct rotational orientation of the 
aforementioned assembly (Fig. 14) is confirmed, using 45 
surface ultrasound and/or the core ultrasound 400. The 
active element 440 of the core 400 is particularly well 
suited for this task, as the excisional device 100 may be 
rotated within the tissue, and positioned so the cutting 
tool 1 25 is properly positioned to allow it to rotate, extend 50 
and bow outwardly in such a manner as to precisely sev- 
er the lesion from the surrounding tissue with an ade- 
quate margin of healthy tissue. Indeed, the ultrasound 
transducer 440, as it rotates along with the excisional 
device 1 00, images the lesion before the cutting tool 1 25 55 
cuts it, thereby allowing the surgeon to optimally deploy 
the cutting tool based upon his or her observation of the 
imaged tissue on a display or displays. 
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[0063] In step 9, the surgeon may activate an anaes- 
thetic infusion, the anaesthetic being delivered by the 
cutting tool 125 via the plurality of through holes 126, 
best seen in Figs. 4 and 6. Step S9 may be skipped if 
the cutting tool 125 does not provide for through holes 
126 or if the surgeon does not deem it necessary to 
anaesthetize the tissue during the rotation of the cutting 
tool 125. For example, the tissue may have been previ- 
ously anaesthetized. While rotating at least the excision- 
al device 100 (with the removable core 400 secured 
therein), the cutting tool 125 is extended using, for ex- 
ample the push or turn knob 226 shown in Figs. 2C and 
14, thereby causing the cutting tool 125 to extend from 
the window 410 and to bow outwardly, as shown in step 
S10. Depending on the amount of friction between the 
excisional device 100 and the expandable sheath 495 
(which may be freely chosen depending upon the choice 
of material for the meshwork 500 and the configuration 
of the mesh), the sheath 495 may rotated along with the 
excisional device 100. The degree of extension and 
bowing may be finely controlled by the surgeon as the 
excisional device 100 is rotated, either manually or by 
a motorized unit (not shown) coupled thereto. As the cut- 
ting tool is rotated, the severed tissue sample is prefer- 
ably collected (e.g., bagged) in a tissue collection device 
260 (Figs. 2A and 2B), as shown at step S11 . The blood 
vessels may be coagulated as the cutting tools rotates 
and cuts the tissue, or afterwards. In step S12, after the 
excisional device 100 has completed at least one revo- 
lution within the breast and has cut a volume of revolu- 
tion therein, including at least the target lesion and pref- 
erably a margin of healthy tissue surrounding the lesion, 
the excisional biopsy device 1 00 and removable core 
400 assembly are retracted through the sheath 495, 
leaving the sheath 495 once again in place within the 
breast. Preferably, the tissue collection device 260 and 
the tissue sample it encloses lie within the recessed sec- 
tion 131 of the generally tubular member 110. In this 
manner, the filled collection device 260 does not pro- 
trude or protrude too much from the surface of the tubu- 
lar member 110, thereby allowing the retrieved tissue 
sample to be readily retracted with the excisional device 
100 through the sheath 495. 

[0064] After retraction of the excisional device 100, 
the core 400 may be retracted from the device 100 and 
re-inserted through the sheath 495 left in place within 
the breast. The core 400 is then advanced adjacent to 
the excision site, and rotated to allow the surgeon to im- 
age the excision site to insure that the entire lesion has 
indeed been removed, as shown in step S13. Some or 
all of the above steps may be repeated should the im- 
aging of the excision site by the core 400 within the 
sheath 495 reveal that a portion of the target lesion was 
not excised. Assuming that all of the target lesion has 
been removed, the incision is repaired by, for example, 
suturing the peri-areolar incision site. The method ends 
at stepS16. 

[0065] While the foregoing detailed description has 
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described several embodiments of this invention, it is to 
be understood that the above description is illustrative 
only and not limiting of the disclosed invention. For ex- 
ample, the shape of the cutting tool 1 25 may differ from 
that shown in the Figures. Other transducers and/or 5 
work elements may be added or substituted for those 
shown and described herein. For example, a piezoelec- 
tric transducer may be advantageously utilized to vi- 
brate the cutting tool 125 at high frequencies. A number 
of other modifications will no doubt occur to persons of 10 
skill in this art. 

Claims 

15 

1. A biopsy device (100), comprising: 

a tubular member (110) defining a distal tip 
(115) and having a window (1 20) near the distal 
tip; 20 

a cutting tool (125), a distal end of the cutting 
tool being attached near the distal tip of the tu- 
bular member, and at least a portion of the cut- 
ting tool being configured to selectively bow out 25 
of the window and to retract within the window 
for cutting tissue; 

characterised in that the device (1 00) further com- 
prises a tissue collection device (260) externally at- 30 
tached to the tubular member and to the distal por- 
tion of the cutting tool and configured for collecting 
tissue cut by the cutting tool as the biopsy device is 
rotated and the cutting tool is bowed. 

35 

2. A biopsy device as claimed in claim 1 , wherein the 
tissue collection device includes a thin flexible 
membrane. 

3. A biopsy device as claimed in claim 2, wherein the *o 
thin flexible membrane is shaped like a bag. 

4. A biopsy device as claimed in claim 3, wherein the 
opening of the bag is at least co-extensive with the 
window in the tubular member. 45 

5. A biopsy device as claimed in any preceding claim, 
wherein the tissue collection device is configured to 
lay substantially flat against the external surface of 

the tubular member when in a retracted position. 50 

6. A biopsy device as claimed in any previous claim, 
wherein the tissue collection device is configured to 
open and to close as the cutting tool is selectively 
bowed and retracted, respectively. 55 

7. A biopsy device as claimed in claim 6, wherein the 
tissue collection - device comprises a bag attached 
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to the tubular member and to a trailing edge of the 
distal portion of the cutting tool, the bag opening and 
closing as the cutting tool is bowed and retracted, 
respectively. 

8. A biopsy device as claimed in any previous claim, 
wherein the tubular member includes a first portion 
that is configured to remain outside the tissue and 
a second portion that is configured to penetrate the 
tissue, during an excision operation, the first portion 
having a greater diameter than the second portion. 

9. A biopsy device as claimed in any previous claim, 
wherein the tubular member comprises an internal 
guide (130) allowing a proximal portion of the cut- 
ting tool to slide therein when a proximal end of the 
cutting tool is pushed in a distal direction or pulled 
in a proximal direction. 

10. A biopsy device as claimed in any previous claim, 
wherein the cutting tool further comprises an interior 
lumen (128) and a plurality of through holes (126) 
in a distal portion thereof, the through holes being 
in fluid communication with the interior lumen. 

11. A biopsy device as claimed in any previous claim, 
wherein the distal portion of the cutting tool com- 
prises a thin ribbon sharpened on a leading edge 
thereof. 

1 2. A biopsy device as claimed in claim 1 1 , wherein the 
leading edge is serrated. 

1 3. A biopsy device as claimed in any of claims 1 to 1 0, 
wherein the distal portion of the cutting tool com- 
prises a thin wire. 

14. A biopsy device as claimed in claim 13, wherein the 
cutting tool is configured to be energized by an RF 
energy source. 

15. A biopsy device as claimed in any previous claim, 
further comprising an ultrasound transducer (270) 
mounted within the distal portion of the tubular 
member, the ultrasound transducer being disposed 
within the tubular member so as to image tissue 
about to be cut by the cutting tool, in use. 

16. A biopsy device as claimed in claim 15, wherein the 
ultrasound transducer (270) is adapted to be tuned 
within a range from about 7.5 MHz to about 20MHz. 

17. A biopsy device as claimed in claim 15 or claim 16, 
wherein the ultra sound transducer is disposed near 
the distal tip of the tubular member at an angle a 
relative to the cutting tool, the angle being no small- 
er than that necessary to effectively control the op- 
eration of the cutting tool in response to the infor- 
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mation gathered from the transducer as the tubular 
member rotates. 

1 8. A biopsy device as claimed in claim 1 7, wherein the 
angle a is less than 180 degrees. 

1 9. A biopsy device as claimed in any one of claims 1 5 
to 1 8, wherein the ultrasound transducer is connect- 
ed to at least one data processing and display de- 
vice (250) to allow an operator of the device to as- 
certain a structure of the tissue and to control the 
operation of the cutting tool before the tissue comes 
into contact with the cutting tool as the device is op- 
erated. 

20. A biopsy device as claimed in any preceding claim, 
wherein the tubular member has a second window 
(410) near the distal tip thereof and the device fur- 
ther comprises a removable transducer core (400), 
the removable transducer core including an active 
transducer element configured to face out of the 
second window when the removable transducer 
core is fitted within the tubular member. 

21 . A biopsy device as claimed in claim 20, wherein the 
removable core is adapted to snap fit within the tu- 
bular member. 

22. A biopsy device as claimed in claim 20 or claim 21 , 
wherein the active transducer element is an ultra- 
sound transducer. 

23. A biopsy device as claimed in any preceding claim, 
in which the tubular member is adapted for use as 
a single use, disposable tubular member. 



Patentanspruche 

1. Biopsic-Vorrichtung (100) umfassend: 

Ein rohrfbrmiges Teil (110), das eine distale 
Spitze (115) definiert und ein Fenster (120) in 
der Nahe der distalen Spitze aufweist; 

ein Schneidewerkzeug (125), wobei ein dista- 
les Ende des Schneidewerkzeugs in der Nahe 
der distalen Spitze des rohrformigen Teils be- 
festigt ist und wobei mindestens ein Anteil des 
Schneidewerkzeugs konfiguriert ist, urn sich 
zum Schneiden des Gewebes aus dem Fenster 
zu biegen und sich in das Fenster zuruckzuzie- 
hen; 

dadurch gekennzeichnet, dass die Vorrichtung 
(100) weiter eine Gewebesammelvorrichtung (260) 
umfasst, die extern am rohrformigen Teil und am di- 
stalen Anteil des Schneidewerkzeugs befestigt ist 
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und zum Sammeln von Gewebe konfiguriert ist, das 
vom Schneidewerkzeug abgeschnitten wird, wenn 
die Biopsie-Vorrichtung rotiert und das Schneide- 
werkzeug gebogen wird. 

5 

2. Biopsie-Vorrichtung nach Anspruch 1, wobei die 
Gewebesammelvorrichtung eine dunne flexible 
Membran einschliefit. 

10 3. Biopsie-Vorrichtung nach Anspruch 2, wobei die 
dunne flexible Membran wie ein Beutel geformt ist. 

4. Biopsie-Vorrichtung nach Anspruch 3, wobei die 
Offnung des Beutels mindestens gemeinsam mit 

15 dem Fenster im rohrformigen Teil verlauft. 

5. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, wobei die Gewebesammelvorrich- 
tung konfiguriert ist, urn im Wesentlichen flach ge- 

20 gen die externe Oberflache des rohrformigen Teils 
zu liegen, wenn sie sich in einer zuruckgezogenen 
Position befindet. 

6. Biopsie-Vorrichtung nach einem der vorangehen- 
25 den Anspruche, wobei die Gewebesammelvorrich- 
tung zum Offnen und zum Schlielien konfiguriert ist, 
wenn das Schneidewerkzeug selektiv gebogen 
bzw. zuruckgezogen wird. 

30 7. Biopsie-Vorrichtung nach Anspruch 6, wobei die 
Gewebesammelvorrichtung einen Beutel umfasst, 
der am rohrformigen Teil und an einer Hinterkante 
des distalen Anteils des Schneidewerkzeugs befe- 
stigt ist, wobei sich der Beutel offnet oder schliefct, 

35 wenn das Schneidewerkzeug gebogen bzw. zu- 
ruckgezogen wird. 

8. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, wobei das rohrfbrmige Teil Folgen- 

40 des einschliefit: einen ersten Anteil, der so konfigu- 
riert ist, urn auf der Aufienseite des Gewebes zu 
bleiben und einen zweiten Anteil, der so konfiguriert 
ist, um das Gewebe wahrend eines Exzisionsvor- 
gangs zu penetrieren, wobei der erste Anteil einen 

45 grblieren Durchmesser als der zweite Anteil auf- 
weist. 

9. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, wobei das rohrfbrmige Teil eine In- 

50 nenschleuse (130) umfasst, die einem proximalen 
Anteil des Schneidewerkzeugs erlaubt, darin zu 
gleiten, wenn ein proximales Ende des Schneide- 
werkzeugs in einer distalen Richtung geschoben 
Oder in einer proximalen Richtung gezogen wird. 

55 

10. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, wobei das Schneidewerkzeug wei- 
ter ein Innenlumen (128) und mehrere durchgehen- 
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de Locher (126) in einem distalen Anteil davon um- 
fasst, wobei die durchgehenden Locher in Flussig- 
keitskommunikation mit dem Innenlumen stehen. 

11. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, wobei der distate Anteil des 
Schneidewerkzeugs ein dunnes scharfes Band an 
der Vorderkante davon aufweist. 

12. Biopsie-Vorrichtung nach Anspruch 11, wobei die 
Vorderkante sageartig gezahnt ist. 

13. Biopsie-Vorrichtung nach einem der Anspruche 1 
bis 10, wobei der distale Anteil des Schneidewerk- 
zeugs einen diinnen Draht umfasst. 

14. Biopsie-Vorrichtung nach Anspruch 13, wobei das 
Schneidewerkzeug so konfiguriert ist, urn ihm mit- 
hilfe einer RF-Energiequelle Energie zuzufuhren. 

15. Biopsie-Vorrichtung nach einem der vorangehen- 
den Anspruche, die weiter einen Ultraschaliwandler 
(270) umfasst, der im distalen Anteil des rohrformi- 
gen Teils montiert ist, wobei der Ultraschaliwandler 
im rohrformigen Teil dergestalt angeordnet ist, urn 
das Gewebe, das unmittelbar vom sich in Gebrauch 
befindenden Schneidewerkzeug abgeschnitten 
werden soil, bildlich darzustellen. 

16. Biopsie-Vorrichtung nach Anspruch 15, wobei der 
Ultraschaliwandler (270) angepasst ist, urn in ei- 
nem Bereich von ca. 7,5 MHz bis ca. 20 MHz ab- 
gestimmt zu werden. 

17. Biopsie-Vorrichtung nach Anspruch 1 5 Oder 1 6, wo- 
bei der Ultraschaliwandler in der Nahe der distalen 
Spitze des rohrformigen Teils in einem Winkel a re- 
lativ zum Schneidewerkzeug angeordnet ist, wobei 
der Winkel nicht kleiner als der ist, der zur wirksa- 
men Kontrolle des Betriebs des Schneidewerk- 
zeugs als Antwort auf die vom Wandler erfasste In- 
formation notwendig ist, wenn das rohrformige Teil 
rotiert. 

18. Biopsie-Vorrichtung nach Anspruch 17, wobei der 
Winkel a weniger als 180 ° betragt. 

19. Biopsie-Vorrichtung nach einem der Anspruche 15 
bis 18, wobei der Ultraschaliwandler an mindestens 
eine Datenverarbeitungs- und Anzeigevorrichtung 
(250) angeschlossen ist, um einer Bedienungsper- 
son der Vorrichtung zu ermoglichen, eine Struktur 
des Gewebes zu ermitteln und den Betrieb des 
Schneidewerkzeugs zu kontrollieren, bevor das 
Gewebe mit dem Schneidewerkzeug in Kontakt 
kommt, wenn die Vorrichtung betatigt wird. 

20. Biopsie-Vorrichtung nach einem der vorangehen- 



den Anspruche, wobei das rohrformige Teil ein 
zweites Fenster (41 0) in der Nahe der distalen Spit- 
ze davon aufweist und die Vorrichtung weiter einen 
entfernbaren Wandlerkern (400) umfasst, wobei 
5 der entfernbare Wandlerkern ein aktives Wandler- 
element einschlieBt, das so konfiguriert ist, um aus 
dem zweiten Fenster zu sehen, wenn der entfern- 
bare Wandlerkern im rohrformigen Teil angebracht 
ist. 

10 

21. Biopsie-Vorrichtung nach Anspruch 20, wobei der 
entfernbare Kern angepasst ist, um im rohrformigen 
Teil einzuschnappen. 

15 22. Biopsie-Vorrichtung nach Anspruch 20 oder 21 , wo- 
bei das aktive Wandlerelement einen Ultraschali- 
wandler darstellt. 

23. Biopsie-Vorrichtung nach einem der vorangehen- 
20 den Anspruche, wobei das rohrformige Teil zum Ge- 
brauch als ein rohrformiges Einwegteil zur einmali- 
gen Verwendung angepasst ist. 



1. Dispositif pour biopsie (100), qui comprend : 

un organe tubulaire (110) qui definit une pointe 
30 distale (115) et qui possede une fenetre (120) 

pres de la pointe distale ; 

un outil de coupe (125), une extremite distale 
de I'outil de coupe etant attachee pres de la 
35 pointe distale de I'organe tubulaire, et au moins 

une portion de I'outil de coupe etant configuree 
pour s'arquer d'une maniere selective a I'exte- 
rieur de la fenetre et pour se retracter a I'inte- 
rieur de la fenetre pour couper du tissu ; 

40 

caracterise en ce que le dispositif (100) comprend 
en outre un dispositif de collecte de tissu (260) at- 
tache a I'exterieur de I'organe tubulaire et a la por- 
tion distale de I'outil de coupe et configure pour re- 
45 cueillir le tissu decoupe par I'outil de coupe au fur 
et a mesure que le dispositif pour biopsie tourne et 
que I'outil de coupe s'arque. 

2. Dispositif pour biopsie tel que revendique a la re- 
50 vendication 1 , dans lequel le dispositif de collecte 

de tissu incorpore une membrane mince souple. 

3. Dispositif pour biopsie tel que revendique a la re- 
vendication 2, dans lequel la membrane mince sou- 

55 pie a la forme d'un sac. 

4. Dispositif pour biopsie tel que revendique a la re- 
vendication 3, dans lequel I'ouverture du sac est au 
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moins de meme Vendue que la fenetre dans Tor- 
gane tubulaire. 

5. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
dans leque! le dispositif de collecte de tissu est con- 
figure de facon a reposer en grande partie a plat 
centre la surface externe de I'organe tubulaire lors- 
qu'il est dans une position retractee. 

6. Dispositif pour biopsie tel que revendique dans 
Tune quelconque des revendications precedentes, 
dans lequel le dispositif de collecte de tissu est con- 
figure de facon a s'ouvrir et a se fermer au fur et a 
mesure que I'outil de coupe s'arque et se retracte 
respectivement d'une maniere selective. 

7. Dispositif pour biopsie te! que revendique a la re- 
vendication 6, dans lequel le dispositif de collecte 
de tissu comprend un sac attache a I'organe tubu- 
laire et a un bord arriere de la portion distale de 
I'outil de coupe, sac qui s'ouvre et se ferme au fur 
et a mesure que I'outil de coupe s'arque et se re- 
tracte respectivement. 

8. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
dans lequel I'organe tubulaire incorpore une pre- 
miere portion qui est configuree de facon a rester a 
I'exterieur du tissu et une deuxieme portion qui est 
configuree de fagon a penetrer dans le tissu, au 
cours d'une operation d'excision, la premiere por- 
tion ayant un plus grand diametre que la deuxieme 
portion. 

9. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
dans lequel I'organe tubulaire comprend un guide 
interne (1 30) qui permet a une portion proximale de 
I'outil de coupe de glisser a I'interieur de celui-ci 
lorsqu'une extremite proximale de I'outil de coupe 
est poussee dans une direction distale ou tiree dans 
une direction proximale. 

10. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
dans lequel I'outil de coupe comprend en outre une 
lumiere interieure (128) et une pluralite de trous tra- 
versants (126) dans une portion distale de celle-ci, 
les trous traversants etant en communication pour 
les fluides avec la lumiere interieure. 

11. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
dans lequel la portion distale de I'outil de coupe 
comprend un ruban mince aiguise sur un bord d'at- 
taque de celui-ci. 



12. Dispositif pour biopsie tel que revendique a la re- 
vendication 11, dans lequel le bord d'attaque est 
crenele. 

5 13. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications 1 a 10, dans 
lequel la portion distale de I'outil de coupe com- 
prend un fil mince. 

10 14. Dispositif pour biopsie tel que revendique a la re- 
vendication 13, dans lequel I'outil de coupe est con- 
figure de facon a etre active par une source d'ener- 
gie radiofrequence. 

15 15. Dispositif pour biopsie tel que revendique dans 
I'une quelconque des revendications precedentes, 
qui comprend en outre un transducteur a ultrasons 
(270) monte a I'interieur de la portion distale de I'or- 
gane tubulaire, le transducteur a ultrasons etant 

20 dispose a I'interieur de I'organe tubulaire de facon 
a representer par une image le tissu qui va etre cou- 
pe par I'outil de coupe, en train d'etre utilise. 

16. Dispositif pour biopsie tel que revendique a la re- 
25 vendication 15, dans lequel le transducteur a ultra- 
sons (270) est adapte pour etre accorde a I'interieur 
d'une plage allant de 7,5 MHz a environ 20 MHz. 

17. Dispositif de biopsie tel que revendique a la reven- 
30 dication 15 ou la revendication 16, dans lequel le 

transducteur a ultrasons est dispose pres de la 
pointe distale de I'organe tubulaire a un angle a re- 
latif par rapport a I'outil de coupe, Tangle n'etant pas 
inferieur a ce qui est necessaire pour controler 
35 d'une maniere efficace I'operation de I'outil de cou- 
pe en reponse a I'information recueillie depuis le 
transducteur au fur et a mesure que I'organe tubu- 
laire tourne. 

to 18. Dispositif pour biopsie tel que revendique a la re- 
vendication 17, dans lequel Tangle a est inferieur a 
180degres. 

19. Dispositif pour biopsie tel que revendique dans 
45 Tune quelconque des revendications 1 5 a 1 8, dans 

lequel le transducteur a ultrasons est relie a au 
moins un dispositif d'afflchage et de traitement de 
donnees (250) pour permettre a un operateur du 
dispositif d'etablir une structure du tissu et de con- 
50 troler i'operation de I'outil de coupe avant que le tis- 
su entre en contact avec i'outil de coupe au fur et a 
mesure que le dispositif est utilise. 

20. Dispositif pour biopsie tel que revendique dans 
55 Tune quelconque des revendications precedentes, 

dans lequel I'organe tubulaire possede une deuxie- 
me fenetre (410) pres de la pointe distale de celui- 
ci et le dispositif comprend en outre un coeur de 
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transducteur amovible (400), le coeur de transduc- 
teur amovible incorporant un element de transduc- 
teur actif configure de fagon a faire face a la deuxie- 
me fenetre lorsque le coeur de transducteur amo- 
vible est monte a I'interieur de I'organe tubulaire. 5 

21. Dispositif pour biopsie tel que revendique a la re- 
vendication 20, dans lequel le coeur amovible est 
adapte pour s'encliqueter a I'interieur de I'organe tu- 
bulaire. 10 

22. Dispositif pour biopsie tel que revendique a la re- 
vendication 20 ou la revendication 21, dans lequel 
I'element de transducteur actif est un transducteur 

a ultrasons. *5 

23. Dispositif pour biopsie tel que revendique dans 
Tune quelconque des revendications precedentes, 
dans lequel I'organe tubulaire est adapte pour etre 
utilise comme organe tubulaire jetable a usage uni- 20 
que. 
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